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3*264 135 

METHOD OF COATING CARBONACEOUS BASE 
TO PREVENT OXIDATION DESTRUCTION AND 
COATED BASE 

Noel. T. Wakelyii and Robert A, Jewell. Ilsimpiori, Va., 5 
assignors to the United Slates of Asiersca as represented 
by tbe Administrator of the National Aeronautics and 
Space Aclitiinistratioa 

Filed Nov. 28, 1962. Ser. No. 240,760 « 

9 Claims. (0.117—69) 

The invention described herein may be manufactured 
and used by or for the Governnient of the United States 
of America for governmental purposes without the pay- 
ment of any royalties thereon or therefor. 

This invention relates generally to the protection of siir- 25 
faces against erosion and oxidation by applying a protec- 
tive coating thereto. More particular]}^ this invention 
relates to the pVotecrion of carbon and graphite bodies 
from oxidation damage, when in an oxidizing environ- 
ment,. by applying a laminated protective coating t.hereon 'oq 
that wili undergo partial oxidatio.n. and form an imper- 
meable protective barrier for the carbonaceous base. . 

Carbon and graphite- base articles have been proven to 
possess exceptionally good mechanical strength properties 
when used in the manufacturing of leading edges for h’gh- 25 
speed aerial vehicles, rocket nozzles, and protective nose 
cones for payloads launched into the upper atmosphere 
by rockets. Graphite, although having good high -tem- 
perature strength in comparison vvith other materials, and 
having the characteristic that its strength increases with 30 
increasing temperature up to about 2,800* K. is, never- 
theless, subject to erosion and oxidation damage caused 
by temperatures above 1,250* K. in the presence of high- 
velocity steams of oxidizing lluids, such as air, and meth- 
ods need be devised to protect the graphite from such 35 
oxidation damage. Since it is known that some metals, 
such f or e X ti m p I e a s n i c k el a n d al li m i n u m , f o r m i he i r o w n 
protective oxide or scale when subjected to an oxidation 
environment, it is logical to assume that graphite could be 
siinilarly protected. How'ever, since graphite produces-40 
only gaseous oxides at temperatures at w^hich it rapidly 
reacts with oxygen . and therefore cannot form its own 
protective scale or oxide, a protective coating must be 
applied to graphite bodies to permit full utiHzation of 
their inherent strength proper! .ies in various high-temper- 
ature applications. Thus, if graphite could be coated 
with an oxidation- resistant nonporous barrier, ‘its high- 
temperalure properties would be more capable of utili- 
zation. 

One previous proposal for protecting graphite and car- 
bon bodies subjected to ox id at ion damage has been to im- 
pregnate the porous graph Ue body with metallic sub- 
stances such as carbides or nitrides. This prior art pro- 
tective measure, although suitable for the purposes in- 
tended, does not provide'/adequate protection^ from the 
extremely high velocity " flow of oxidizing gases at the tem- 
peratures en count e red' in operation of present-day reentry 
nose cones, rocket nozzles, and the leading edges of high- 
speed aerial vehicles. 

Another prior aft proposal for protecting graphite 
bodies has been to apply, various- coatings of carbides a'ud 
nitrides thereto- but these also have not provided the pro- 
tection needed for present d.ay high-temperatai'e appli- 
cations. 

'It is, -therefore, an object of the present invent lo-n to 
provide a new carbonaceous article of manufacture which 
wull be protected from oxidation damages by oxidizing 
fluids at high temperatures. 

Another object of this invention is to provide a car- 
bonaceous- article having an oxidation protective lami- 
nated coat] rrg thereon. 

A further object of the present invention is to provide 


a carbonaceous article substantially resistant to ox kj at ion 
damage during high-speed aerial flight. 

Still another object of the present invention is to pro- 
vide a method for protecting graphite articles that are 
subjected to an oxidation environment. 

A still further object of the instant invention is to pro- 
,vide a method of preventing the oxidation destruction of 
a carbonaceous body. 

An additional object of tlie present invention is to pro- 
vide a protective coating for carbon articles which will 
form impermeable barrier protection for the carbon when 
subjected to high temperatures. 

According to the present invention, the foregoing and 
other objects are obtained by applying a protective coat 
of nitride onto the surface of a carbon base by the vapor 
deposition process, and then applying a layer of silicon 
onto the nitride coating by a conventional process, such 
as vapor deposition. 

A more complete appreciaiion of the present invention 
and many of the atter.dagt advantages thereof vrill be 
readily appreciated, as the same becomes better under* 
stood by reference to the following detailed description 
when considered in eonnection with the accompanying 
drawing wherein 

FIG. 1 is a partial sectional view of a carbonaceous 
body having a laminated coating thereon in accordance 
With the present invention; 

FIG. 2 is a view similar to FIG. 1 showing one lami- 
nated coating of the present invention after being sub- 
jected to high temperature, high velociry, oxidizing fluid 
flow. 

FIG. 3 is a sectional view of a carbonaceous body illus- 
trating a modification of the laminated coaling of the 
present invention. 

Refen ing now to the drawings and more particularly 
to FIG. 1 , there Is shown a carbon or graphite article 11 
having a protective coal of nitride 13 iniegrally applied 
thereto wuth a farther lamination of silicon 15 applied to 
the coating of nitride. FIG. 2 shows the results of the 
chemical reaction that occurs when the coated graphite 
article II having a titanium nitride layer 17 is subjected 
to high velocity, high temperature, fluid flow, such for 
example, as the conditions encountered during high veloc- 
ity aerial flight, or as encountered in the nozzles of rockets 
When article 11 is subjected to the aforementioned envi- 
ronmental conditions, the layer of silicon 15 is oxidized to 
form a protective layer of silicon dioxide IS on the* ex- 
ternal surface of article 11 with an intermediate layer 
19, con si -Sting of litaniom dioxide and silicon dioxide 
being formed adjacent the extemal surface of the titanium 
nitride coaling 13. 

It is thus seen that the graphite or carbon material 11 
can be protected from severe oxidation damage by the 
application of a protecti^^' laminated coating as in the 
present invention to thereby form an oxidation-resistant 
nonporous barrier of oivtnde and silicon dioxide. 

Ex€smpl€ I 

■ The titanium rritride coaling 17 as shown in FIG. 2 may 
be applied 'to graphite body II. by the well known hydro- 
gen rediictioo variation of the vapor deposition process. 
In this process, a gaseous mixture of hydrogen, nitrogen, 
and tiianiorn tetrachloride is passed over the heated car- 
bon, or graphite body and a golden-hued titanium nitride 
coating is formed on the s-iirface of the graphite.- The 
commercial grade hydrogen used in the present mvention 
v/a s f o u n d to c o n lai n ‘ su me ien t n i t rogen as a n impu ri-ty , 
for example 200--5()0 pans per million, to make a separate 
addition of nitrogen unnecessar}/ although it is readily 
apparent to those skilled in ihe art that additional nitro- 
gen may be added to the reaction in the form of nitrogen 
or ammonia gas, when required or if so desired. The 
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mtxmg oi tne reactant gases is achieved by passing hy- 
drogen through the volatile Hquid, titanium tetrachloride, 
at room temperature. 

This gaseous mixture is then passed over the surface 
of carbon body 11 contained in a suitable reaction ves- 
sel which has previously been heated by suitable appara- 
tus, such for example as an induction furnace, -to the de- 
sired temperature. An inert gas, such for example as 
argon, is ased to purge the reaction vessel system before 
coating to remove any impurities therein. Coating times 
of approximately twelve minutes produces roughly 20 
mg. of titanium nitride per square centimeter of graphite 
substrate surface in the form of a thin coating of one-two 
mils thickness. The rate of hydrogen fmw employed In 
the present example was approximately . 1.6 liters per 
minute, although this is not consldereJ critical to the re- 
action. Free siliccm is readl.^y deposired onto titanium 
nitride by the hydrogen reduction of silicon tetrachloride, 
the latter being held a-t room temperature, while the tem- 
perature of the titanium nitride coated carbon base is main- 
tained at approximately 1,100-1,400'' C. 

The hydrogen reduction of silicon tetrachloride is very 
sensitive to the presence of impurities and k is essential 
to employ a carefully purihed hydrogen gas source, that 
is, a hydrogen gas essentially free from any oxygen, when 
obtaining substantially pure silicon coatings. A relative- 
ly high hydrogen flow rate, 100-200 liters per hour, ap- 
plied transverse to the longitudinal axis of the substrate 
being coated produced the desired coating in the present 
invention, although obviously this rate- can vary within 
the scope of this invention. The quantity of silicon coat- 
ing applied in the present example is in the range of 20- 
30 mg. 'Weight per unit area whnc that of titanium nitride 
is 140-210 mg. weight per unit area or a ratio of approxi- 
mately 7:1 of titaniuni nitride to silicon. This ratio can- 
be varied within limits without departing from the scope 
of the invention. 

It isapparent lo those skilled in the art that the titanium 
nitride coating 17 when used alone would be oxidized 
by high temperature gaseous flow and would result m a 
titanium dioxide coating, the rutile modihcatkm of titani- 
um, which would act as a barrier to the oxidizing gases un- 
der some circumstances. However, for use in present-day 
aerial vehicles, spacecraft and rocket nozzles, it is neces- 
sary to provide a much thicker coating of titanium nitride 
than <that discussed hereinbefore for adequate protection 
during long period exposures to an oxidation environment. 
Since total mass is a critical factor in the design and con- 
struction of these articles, the advantages of the present 
invention are therefore apparent. That is, by applying 
a thin protective coal of silicon 15 over the titanium nitride 
coating 17 the same or better degree of protection can be 
obtained for a graphite substrate as that from -a relative- 
ly thick titanium nitride coat alooe, but with a much less 
total weight of the titanium nitride-silicon deposit being 
requred. 

As shown more particiilarly in FIG.. 2, w'hen the coated 
article described hereinbefore is subjected • to heat with 
temperatiires in the rartge- of 2,600*— 3,200® F. for ly pe- 
riod of lime, usually a le w ' minotes or more, -the silicon 
layer is readily ■oxidized into silicon dioxide with the tita- 
nium mtride layer forming a lattice eetwork and an in- 
termediate layer -19 of tilanimn dioxide and silicon dioxide 
being formed and ioipregnaiiog part, of Ine latuce work 
formed by the titanium isitricfe layer 17. 'Ifeis prolec- 
tive lav^r of oxide acts as a gase;.ous irape..rmeab!e bOTier 
and serves, to pTevent the oddatioo oesiroctioii ot the 
graphite substrate and , thereby enables -the use oi tne 
graphite m e.xtremely liig.h temperalure applic-ations where 
it v/oiild otherwise be readily oxidized, eroded, -and made 
substantialiy worthless. 

Example II 

As shown in FIG. 3;; an aliemate embodiment of the 
present inventron invOives applying a tiua coating of 


riitnde 23 onto the graphite substrate 11 by any coiiven- 
tionai process, such for example as that:, discussed herein- 
before for titanium nitride, and. thereafter co-depositing a 
matrix 21 df titanium and silicon onto the nitride layer. 
5 The titanmm and silicon matrix 21 is readily deposited 
onto the mtnde layer 23 by the hydrogen reduction of a 
silicon teti'acbloride-titariium tetrachloride solution in the 
presence of nitrogen. Commercial grade hydrogen gas, 
as mentioned berelofore, normally contains 200-500 parts 
10 per million of nitrogen which is an adequate amount for 
this process. The most uniform coating results are ob- 
tained by maintaining the silicoa tetrachloride-titanium 
tetrachloride solution concentration essentially inversely 
proportional fo the respective vapor pressures of the m- 
15 gredients, that is, approximately two parts titanium tetra- 
chloride to one part silicon tetrachloride are used v/hen 
the matrix ^.onsists of titanium and silicon. In this Ex- 
ample, the titanium-silicon matrix 21 penetrates into the 
lattice netW'ork of the nitride coating 23 as formed and, 
20 upon being subjected, to oxidizing heat for a period of 
time, in the temperature range of 2,600 ®-3,200® F., readily 
converts into a gaseous impermeable layer of titanium di- 
oxide and silicon dioxide to thereby protect the graphite 
substrate 11 from oxidation. The coating temperature 
^5 range and the ratio of nitride to the titanium-silicon matrix 
• employed In this example are essentially the same as those 
descried In Example I. 

Tests in a resistance healing facility have also indicated 
that the titaaiu.m nitride plus silicon formulation coatings 
30 of the present invention undergo cyclic heating without 
spalling, whereas plain titanium nitride spalls after one 
or two cycles of being heaied to approximately 1,300® C. 
and withdra%vn from the furnace and exposed without de- 
lay to a blast of cold air. 

3o It is to be understood that the above described proc- 
esses and coated articles are given by way of example only 
and that iramerous modifications are readily apparent to 
those skilled in the art. For example, although the 
above coating exampics have been described with reler- 
ence to a graphite substrate, it Is obvious to -those skilled 
in the art mat other suit.a.bk- subst.rates may be. coated., 
by the nitride and silicon laminations wdien desirable to 
present oxidation-resistant proleclion therefor. 

Also, the use of other high melting point-high stability 
45 nitrides as substrate coatings to which the lamination of 
silicon may be applied are v/itbin the scope of this inven- 
tion. The nitrides of zirconium, hafnium, niobium, 
tantalum and -beryllium obivously fall within this cate- 
gory. Each of these nitrides is capable of being formed 
50 on a graphite or other suitable substrate by the herein- 
above described hydrogen reduction variation of the vapor 
deposition process; with obivdus variations in the sub- 
strate lempveratures and the halides employed for the. in- 
dividual processes. Each of these pJtrides also reacts 
55 whth silicon W'hcn subjected to a high temperature oxida- 
tion e.nviFonment to form a gaseous impermeable oxide 
barrier.. Zirconium, for example, having a higher melt- 
ing poist and, accordingly, being more, stable than tita- 
' nium maybe used where protection beyo.nd the tempera- 
60 lure capability range of titanium is needed. 

Boron, aluminum, silicon, and vanadium form relative- 
ly high meliing nitrides which decompose when subjected 
■to- temperatures f.ar -belov/ their -meltiiig point-S and, ac- 
cordingly., are not practical for use in the present iiiven- 
65 tioii. 

l.lie low iBelting-highly unstable or excessively reactive 
niifides o.f calcium, -barram, magoesiuni, cerium, lantba- 
niiro, scanriiimn yttrium:, the rare eanh .metals, lithium, 
chromimn, niolybdeBom, tungsten and manganese are 
70 likewise not practical for use in 'the present invention 
since, they will not react with .silicon to form the needed 
gaseous impervious protective oxide barrier. 

It is- therefore to be understood' that within the scope 
of the appended claims, the invention may be practiced 
75 otherwise than as specifically described. 



What is claimed and desired to be secured by Letters 
Patent of the United States is: 

1. A coated base having an oxidation protective coat- 
ing thereon ccmprising: a carbonaceous member, a coat 
of a high melting point high, stability nitride integrally 
formed on^an exposed surface of said carbonaceous mem- 
ber, said nitride coating being selected from the group 
consisting of the nitrides of titanium, zirconium, hafnium, 
niobium, tantalum and beryllium, and an overcoat of sili- 
con covering said nitride coating. 

2. A coated base according to claim 1 wherein the ratio 
of nitride coating to the silicon cooping per unit area is 
approximately 7 to 1. 

3. A coated base having an oxidation protection coat- 
ing thereon, comprising: a carbonaceous base, a 
nated coating for said carbonaceous base, said coating 
including a first layer of nitride of about one-two mils 
thickness intimately secured to said carbonaceous base 
and a second layer of silicon spaced from said base a dis- 
tance equal to the thickness of said first layer and in 
intimate contact with said first layer and wherein said 
nitride is selected from the g:oup consisting of the nitrides 
of titanium, 7ircomam, hafnium, niobium, tantalum and 
beryllium. 

4. An oxidation protected coated base comprising: a 
base surface, a laminated coating for said surface, sa*d 
laminated coating including at least one-two mils thick- 
ness layer of a metal nitride and a layer of silicon covering 
said nitride ]a>'er, said laminaUid coaling having the in- 
herent chemical property characteristic of undergoing 
oxidation to form a protective oxide layer for said sur- 
face when subjected to oxidizing fluid fiow and metal 
nitride being titanium nitride. 

5. An oxidation p}Otected coaled base comprising: a 
base surface, a laminated coaling for said surface, said 
laminated coating indudinc at least a one-two mils thick- 
ness layer of a metal nitride and a layer of silicon cover- 
ing said nitride layer, said laminated coating having the 
inherent chemical property characteristjc of undergoing 
oxidation to form a protective oxide layer for said surface 
when subjected to oxidizing iluid flow and -said' metal 
nitride being zirconium nitride. 

6. A coated base having an oxidation protective coating 
thereon comprising: a V>ase surface, a laminated coaling 
for said surface, said laminated coating including a one- 


two mils thickness metal nitride layer and a composite 
layer said nitride layer rbeing selected from the group 
consisting of the nitrides of titanium, zirconium, hafnium, 
niobium, tantalum and beryllium and said composite 
a layer consisting of silicon and titanium. 

7. An oxidation protective coating for a carbonaceous 
base comprising, in combination: a carbonaceous base, 
a laminated coating for said base, said laminated coating 
including a nitride layer and a composite layer, said 

10 nitride layer being selected from the group consisting of 
the nitrides of titanium, zirconium, hafnium, niobium, 
tantalum and beryUlum and having the physical properly 
characteristic of presenting a lattice rietwork surface area, 
said composite layer consisting essentially of tw'O parts 
15 titanium and one part silicon and having the physical 
property characteristic of penetration a distance into said 
lattice network of said nitride layer, said composite layer 
also having the chemical property characteristic of form- 
ing a gaseous impermeable baprier when subjected to an 
oxidizing fluid environment to thereby protect said car- 
bonaceous base from the oxidizing fluid action. 

8. A method of preventing oxidation destruction of a 
graphite base member comprising the steps- of: providing 
a graphite base member, vapor depositing a one-two niils 
thickness layer of a metal nitride onto the surface area 
of said graphite base and vapor depositing a layer of 
silicon onto said nitride layer, said metal nitride being 
selected from the group consisting of litanium, zirconium, 
hafnium, niobium, tantalum and beryllium. 

9. A method according to claim 8 wherein the ratio 
of said nitride coating layer to said silicon layer per unit 
area is approximately 7 to 1. 
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